Background Discrete choice experiments (DCEs) are used to elicit preferences of current and future patients and healthcare professionals about how they value different aspects of healthcare. Risk is an integral part of most healthcare decisions. Despite the use of risk attributes in DCEs consistently being highlighted as an area for further research, current methods of incorporating risk attributes in DCEs have not been reviewed explicitly. Objectives This study aimed to systematically identify published healthcare DCEs that incorporated a risk attribute, summarise and appraise methods used to present and analyse risk attributes, and recommend best practice regarding including, analysing and transparently reporting the methodology supporting risk attributes in future DCEs. Data Sources The Web of Science, MEDLINE, EM-BASE, PsycINFO and Econlit databases were searched on 18 April 2013 for DCEs that included a risk attribute published since 1995, and on 23 April 2013 to identify studies assessing risk communication in the general (non-DCE) health literature. Study Eligibility Criteria Healthcare-related DCEs with a risk attribute mentioned or suggested in the title/abstract were obtained and retained in the final review if a risk attribute meeting our definition was included. Study Appraisal and Synthesis Methods Extracted data were tabulated and critically appraised to summarise the quality of reporting, and the format, presentation and interpretation of the risk attribute were summarised. Results This review identified 117 healthcare DCEs that incorporated at least one risk attribute. Whilst there was some evidence of good practice incorporated into the presentation of risk attributes, little evidence was found that developing methods and recommendations from other disciplines about effective methods and validation of risk communication were systematically applied to DCEs. In general, the reviewed DCE studies did not thoroughly report the methodology supporting the explanation of risk in training materials, the impact of framing risk, or exploring the validity of risk communication.
Background
Risk is a ubiquitous component of healthcare and decisions made by patients and healthcare professionals about commencing or continuing treatments that are shaped by perceived benefits and risks. Discrete choice experiments (DCEs) allow trade-offs between health and non-health outcomes and processes to be valued. Including a cost attribute allows indirect elicitation of willingness-to-pay (WTP) values [1] . In theory, including a risk attribute allows valuation of the balance between risk and benefits (risk:benefit trade-offs). In the decision theory literature, risks (prospects with known probabilities associated with possible outcomes) are distinguished from uncertainties (prospects with unknown probabilities of possible outcomes) [2] . However, significant potential difficulties in presenting risk information are recognised and if probability information is not well understood, not well presented or simply ignored then this limits the validity, usefulness and applicability of the results. A substantial, growing literature has explored the way humans perceive and interpret risk and probability information [3] , and an extensive literature about improving risk communication is emerging [4] [5] [6] .
Presentation of risk information has been studied in the contingent valuation (CVM) literature. Findings that WTP for risk reductions from CVM were inconsistent with economic theory prompted methodological research into risk communication, closer attention to risk communication methods, and rigorous checks of validity [3, 7] . The recommendations were that CVM could provide theoretically valid estimates of WTP for risk reduction if certain methods were applied and tested for validity against standard economic theory; WTP should be positively associated with a magnitude of risk reduction (or change), proportional to the size of risk reduction, and when the baseline risk is small the effect of the baseline risk (and changes in this risk) on WTP should be small [3, 7] . Methods of enhancing risk communication in CVM studies to achieve results consistent with economic theory centred on using visual aids (icon/dot arrays, risk ladders using a logarithmic scale, analogies) to set the risk in context [3, 7] .
Detailed reviews of the application and methodological basis of DCEs in healthcare consistently highlight including risk as an attribute as an important area for further research, perhaps indicating a lack of progress in this area [1, [8] [9] [10] . To date, no review has explicitly summarised the methods used to incorporate risk as an attribute in DCEs. The aim of this paper was to supplement previous reviews and recommendations [11, 12] by identifying published DCE studies in healthcare that incorporated risk as an attribute and appraising the methods underlying presentation, format and analysis of risk attributes. The objective is not to criticise the authors of current healthcare DCEs, nor the methods used to date, but to summarise the current methodology, highlight potential areas that might be informed by developments in other fields, and make recommendations to improve risk communication in healthcare DCEs. The key objective is to provide a narrative review summarising the current state of incorporating risk in healthcare DCEs and to move towards recommendations on best practice for future DCEs or aspects of risk presentation in DCEs requiring further methodological exploration. This key objective was met by also completing a rapid review of the risk communication literature.
Methods
This study used two reviews: (1) a systematic review to identify relevant published work related to valuing a healthcare intervention using a DCE with risk included as an attribute; and (2) a rapid review to identify examples of good practice in risk communication in the general (non-DCE) health literature.
Systematic Review of Risk in Discrete Choice
Experiments (DCEs)
Risk attributes in DCEs in healthcare potentially aim to reflect the uncertain consequences of treatments. Typically, risk may be defined as being knowable (i.e. the different potential outcomes have a quantifiable probability of occurring), whereas uncertainty cannot be quantified [13] . This review takes an inclusive approach to the definition of risk, consistent with the decision theory literature, where risk attributes are defined as those presenting quantitative estimates of the probability associated with an uncertain outcome (either unwanted consequences or forgone benefits). However, we also include DCEs using qualitative descriptions of the likelihood of the unwanted prospect (or harms) to avoid potentially excluding relevant studies. The electronic search strategy (Table 1) was derived from several sources, including two recent reviews in the area [1, 10] , and a trained librarian (Ingram M, personal communication). Studies including a risk attribute were identified at the manual screening stage. The following databases were searched (on 18 April 2013): Web of Science, MEDLINE, EMBASE, PsycINFO and Econlit. The search strategy was validated by checking that references from the two recent reviews and other studies known to the team were captured. Previous systematic reviews of DCEs in healthcare identified two DCEs published before 1995, neither of which included a risk attribute [1] . Therefore, the time horizon was restricted to studies published since 1995.
All abstracts were screened independently to identify DCEs with risk attributes by three reviewers (MH and KP, as well as Stuart Wright), who met to discuss any disagreement. The inclusion criteria were healthcare related, DCEs (respondents make a clear choice between two or more alternative technologies/services comprising several attributes), risk-or an attribute consistent with our inclusive definition of a risk attribute-is mentioned in the title/ abstract. Health risks associated with non-healthcare products (e.g. food) were excluded. Conference abstracts and other examples of the non-peer reviewed literature, nonEnglish articles and opinion/review/protocols/conference abstracts were excluded. Following the initial screening of abstracts, full copies of papers were obtained and retained in the final review if a risk attribute meeting our definition was included. Papers that framed the risk in certain terms (e.g. present/absent) were excluded.
Extracted data were tabulated. A published framework for critically appraising DCEs was used to summarise the quality of reporting in the DCEs [8] . In addition, the format, presentation and interpretation of the risk attribute were summarised using guidance from the CVM literature [7] . The review focussed on collating the following: background information/explanation of risk presented to respondents; framing of risk (description of risk attributes and format used to communicate changes in risk); stated assumptions about risk; analysis and interpretation of risk attributes (checks of linearity of risk preferences, sensitivity to scope, or risk attitude; calculating marginal rates of substitution [MRS] or WTP for risk reduction).
Rapid Review of Risk Communication Tools
Given the substantial and diverse literature that describes and/or evaluates different tools for the effective communication of risk in healthcare, a focussed rapid review was conducted to identify approaches to healthcare risk communication. The review was focussed by identifying studies that (1) tested any risk communication tool that aimed to aid people's understanding of quantitative information; (2) were related to a healthcare risk; and (3) were published in peer-reviewed journals from January 2000 onwards and written in English. Studies that looked at public health risks, such as nationwide vaccines, and studies that did not use written communication, such as videos or games, were excluded. The search strategy was devised with assistance from a trained librarian (Ingram M, personal communication) and was validated by checking that references from key studies known to the team were captured. The search strategy included the terms Title = (risk*) AND Title = (communicat* or format*) AND Topic = (aid* or present* or display*). The following databases were searched (on 23 April 2013): Web of Science, MEDLINE, EMBASE, PsycINFO and Econlit.
An initial title and abstract screen to select relevant studies was conducted. If studies could not be rejected with certainty, the whole article was retrieved and reviewed. After retrieving all the full papers, the studies were initially categorised into four categories: empirical studies testing risk communication tools; systematic review of risk communication tools; papers that provided an overview; and studies that looked specifically at communicating uncertainty. Data extraction focussed on describing the risk communication tool and whether a definitive conclusion was drawn regarding the relative effectiveness of each tool. These data were then summarised in a narrative review. 
Results

Systematic Review of Risk in DCEs
Overall, 117 papers were identified and included. Figure 1 summarises the study identification and inclusion process. Few studies published before 2002 included a risk attribute, but thereafter the number increased to over 20 per year in 2011 and 2012 (Fig. 2) . As a proportion of the total number of DCEs conducted [10] , the growth in those with a risk component has been less dramatic. The included papers covered a range of healthcare settings, most commonly cancer (n = 27, 23 %). Most DCEs investigated preferences for pharmacological treatments (n = 70, 60 %), followed by screening and diagnostics (n = 15, 13 %). Fifty-nine (50 %) studies reviewed included a monetary attribute and, of these, most (n = 43, 73 %) calculated WTP (usually n = 40 [68 %] for risk reduction). Two (2 %) studies calculated the value of a statistical life [14, 15] . The mean number of attributes in the DCEs was six (range 3-12) and a mean of two (range 1-7) risk attributes were included. In three (3 %) DCEs, all attributes were risk attributes [16] [17] [18] .
The results of the review are categorised into aspects of DCEs, presented in the order in which the reader would encounter each aspect when designing, framing, administering, analysing and interpreting DCEs. Each aspect is presented and reviewed in turn.
Explanatory and Background Training Materials
The reporting of background training materials presented was generally insufficient to assess the nature of explanatory material offered to respondents. Seventy-one (61 %) of the 117 identified studies reported providing background training information to participants, but only 27 (23 %) described this information in any detail. When described, background material included detail about the intervention or procedure for completing the DCE, although it was unclear whether any background on risk was provided. Three (3 %) studies provided full access to the entire survey materials in an online supplementary file [19] [20] [21] , whilst others summarised information provided to respondents in a table [22] or written descriptions of multiple sections which helped respondents understand their risk attitude. A further two (2 %) studies reported providing a risk tutorial to enable respondents to interpret risk [23, 24] .
Choice Question Format
Respondents were given an opt-out option with the choice sets in 41 (35 %) studies. Seventeen (15 %) studies offered a status quo opt-out, and 11 (9 %) defined the risk associated with this option to the respondent in the choice set, either as population risk values [19, [25] [26] [27] [28] [29] [30] [31] [32] [33] or the respondent's current choice and risk calculated using information collected during earlier sections of the questionnaire [23] . Five (4 %) studies allowed the respondents to consider their own current situation [14, [34] [35] [36] [37] ], for example their child's current risk [36] .
Communication of Risk Attributes
3.1.3.1 Presentation Risk attributes were mostly presented quantitatively (n = 72, 62 %), using frequencies (n = 23, 32 %), percentages (n = 27, 38 %) or a combination of both (n = 22, 31 %). In 13 (11 %) studies risks were presented with varying denominators, although none presented risks of equal magnitude using different denominators (ratio bias). Six (5 %) studies varied denominators for a risk within the same attribute [26, 35, [38] [39] [40] [41] ; for example comparing a 1 in 5 with a 1 in 10 chance [40] . However, these estimates were supplemented with either qualitative descriptions (e.g. 'minimal risk [1 in 150,000]' [39] ), percentages [40] , or both (e.g. 'moderate (1 in 5 or 20 %)' [38] ). Five (4 %) studies used varying denominators between attributes [42] [43] [44] [45] [46] , including one that presented two different side effects using numbers of episodes but with a varying timeframe for occurrence (one in months, one in years) [44] , and a further seven (6 %) used different denominators within and between attributes [26, 40, [47] [48] [49] [50] [51] .
Nineteen (16 %) studies used a purely qualitative approach, suggesting that these attributes should be viewed as 'uncertain' instead of 'risky'; three (3 %) studies in haemophilia took an approach of describing risk in the context of existing (and assumed understood) products, e.g. risk of viral infection from human plasma-derived or recombinant products [52, 53] , or current level of risk [54] .
Twenty six (22 %) studies combined qualitative and quantitative methods to present risk. In some DCEs, qualitative and quantitative methods were used to describe different risk attributes, and in others within the same attribute, seemingly to aid communication (e.g. 'low, 1 in 20 (5 %)') [47] . Descriptions used for risks varied between studies; for example, risks considerably lower than 1 % were described as 'minimal' (1 in 150,000) [39] and 'very small' (1 in 10,000) [55] , a risk of around 1 % was described as 'very low' and 10 % was described as 'low' [38] , whereas others use 'low' for a risk \10 % [56] . Elsewhere, risks in the region of 20 % were described as 'moderate' [38] and 'medium' [56] , and risks beyond 30 % were described as 'high' [56] . Where studies used purely qualitative terms such as 'small', the risk magnitudes supporting these descriptions were unclear [57, 58] .
Absolute risks (n = 85, 73 %) were presented more often than relative risk (n = 8, 7 %), although five (4 %) studies included both [14, 27, [59] [60] [61] . Only two of eight studies using relative risk alone gave a baseline/underlying risk estimate to place the difference/change in overall risk in context [15, 33] .
Risk attributes were virtually always presented as point estimates without variability or a range around each defined attribute level. One exception presented a range of values (e.g. \10, 10-30, [30 % [56] ), although it is unclear whether this represents variability or an interval description. Others used risk levels ('\1 %' and 'about 5 %') [62] ), and thresholds (C2, C5 or C10 in 100 patients) [63] . Other quantitative studies qualified the point estimates using words like 'almost' or 'about' to convey a lack of certainty [64, 65] . In one study, uncertainty related to two quantitative risk attributes (bone or kidney damage) was introduced using a qualitative attribute describing whether they could be successfully treated [66] .
Visual aids were used to support communication of risk attribute information in 27 (23 %) studies. The most common visual risk presentation methods were risk icon/ dot arrays (n = 25, 21 %). Other methods included bar charts (n = 3, 3 %), pictograms, and risk ladders that represent the risk in the DCE alongside other, more familiar, risks (Table 2 ). Photographs were also used to help describe risk attributes [29, 49, 55] .
Framing
Risk was most often framed negatively as a consequence of treatment or an intervention (n = 102, 87 %) rather than positively as something to be avoided (n = 26, 22 %). Eleven (9 %) studies included a mix of positively and negatively framed risk attributes. Negative framing of risk most often concerned drug-related events or reactions, death, or adverse events/complications following treatment. Positively framed attributes concerned risk reductions and adverse events/complications avoided. Howard and Salkeld [45] explored the impact of positive or negative framing of three attributes related to the detection and treatment of cancer. People seemed more willing to risk potential harms and had a higher WTP to detect a cancer than to reduce the chance of missing a cancer, suggesting evidence of framing effects. This is consistent with previous findings that people were more willing to pay for additional lives 'saved' rather than a reduction in lives 'lost' [67] , and variance heterogeneity whereby people have different levels of certainty for losses and gains (see below) [68, 69] . The timeframe over which the risky 'event' should be considered by the respondent was stated explicitly in 63 (54 %) studies. Fifteen (13 %) studies provided information on risk latency, the delay between the decision and experiencing the 'risk', ranging from immediate to 10 years [15, 57, 70] . In 11 (9 %) studies the risk appeared to be immediate due to the nature of the intervention and risk (e.g. during/following surgery [56, 71, 72] . The remaining studies provided risk timeframes but did not specify any latency.
The Study Sample
Study samples most often comprised patients (n = 66, 56 %), parents or carers of patients (n = 4, 3 %), or healthcare professionals (n = 6, 5 %), suggesting most preferences were ex-post. Ex-ante preferences also were elicited from the public (n = 28, 24 %). Twelve (10 %) studies used multiple respondent types to compare patient preferences with other groups to better understand shared decision making or ex-post with ex-ante preferences.
Inclusion of Supplementary Questions
Most DCEs included supplementary sections seeking to identify respondent characteristics or knowledge of the intervention. None reported including questions to assess numeracy or literacy. Based on the reporting of the studies, respondent risk behaviour was not generally explored in the DCEs. Only Tsuge et al. [15] reported exploring risk attitudes, focusing on respondents' perceptions of risks (questions to gauge responsibility for the risks used in the DCE, and risk avoidance behaviour). Goto et al. [73] assessed the knowledge that respondents had about associations between smoking and a range of diseases. One study reported free text responses on the decision-making process made by clinicians whilst completing the DCE; clinicians felt that they focussed on longerterm risks whilst patients focussed on short-term benefits [74] .
Analysis of Choice Data
Most studies (n = 53, 45 %) assumed a linear additive indirect utility function, implying that only additive main effects matter and were estimated. However, 25 (21 %) studies stated that interaction terms were included to allow multiplicative effects. Interactions can be used to estimate two-way and higher order interactions between attributes. Ten (9 %) studies interacted two risk attributes, e.g. the size of risk reduction with the type [15] . Two (2 %) DCEs interacted two risk attributes (one mild, one serious AE) in a design allowing all two-way interactions between attributes to be estimated [48, 49] . Neither found a significant interaction but highlight the need to ensure face validity of risk attribute interactions so that significant interactions can be explained meaningfully.
Sensitivity to scope (or scale) of risk/risk reductions or testing for concave increases in WTP (diminishing marginal returns to scale) with increasing benefits (e.g. risk reduction) [75, 76] was reported to have been evaluated in 11 (9 %) studies. The terms 'scale' and 'scope' tend to be used interchangeably [77] but some studies draw distinctions between sensitivity to the size of the benefit (scale) [e.g. WTP for a 50 % compared with a 25 % risk reduction] with scope (e.g. comparing WTP for a 25 % risk reduction of heart disease with a 25 % risk reduction from heart disease and diabetes [75] ). Several studies tested the rate at which preferences/WTP increase (i.e. proportional or concave), although a stronger test would be whether preferences are strictly proportional to the risk level. Thus, tests of sensitivity to scope overlap with tests of linearity in risk. We found evidence in 36 (31 %) studies of linearity in risk being explored, most commonly using dummy coding to account for risks/risk reductions of unequal size with interpretation of the proportionality of coefficients/MRS [50, 55] and/or graphical presentation of moving between the levels of the risk attribute. Several studies used piecewise-linear extrapolation to estimate preferences inbetween discrete risk attribute levels [63, [78] [79] [80] . Other approaches included coding attributes for differences between levels, using quadratic terms to identify non-linear relationships, polynomial approximations to test the proportionality of WTP for risk reductions with the magnitudes of risk reduction [15] , and statistical tests of linearity of coefficients [81, 82] .
Review of Risk Communication Tools
The search of all databases revealed 1,207 possible hits. After the removal of non-peer-reviewed material and duplicates, 390 titles and abstracts were reviewed. In total, 215 full articles were retrieved and 99 papers were included in the final review (electronic supplementary material [ESM] Appendix 1).
Of the 99 included studies, 65 (66 %) were empirical tests of risk communication tools, 21 (21 %) were overviews of the risk literature but did not report a search strategy, nine (9 %) were systematic reviews with a structured search strategy, and four (4 %) looked at presenting uncertainty (for example, the use of confidence intervals as opposed to point estimates). ESM Appendix 2 summarises the 65 studies that reported an empirical test of a risk communication tool. These 65 studies most commonly explored numerical presentation of risk information such as percentages, fractions, decimals or ratios (n = 55, 85 %). Qualitative descriptions and verbal analogies were investigated in 34 studies (52 %). Other methods included pictorial presentations, such as icon arrays (n = 29, 45 %), risk ladders (n = 10, 15 %) and graphical information (n = 15, 23 %). The criteria to quantify the 'effectiveness' of the tool as a risk communication strategy was measured using a numeracy test (n = 21, 32 %) or by asking the study participants which tool they preferred using qualitative methods of enquiry or a non-numerical questionnaire (n = 47, 72 %).
A number of studies stated clear conclusions that risk ladders, icon arrays and bar charts were the best way to communicate risk. Of the numerical methods of presenting information, 11 (17 %) studies found percentages to be the most effective method [6, [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] and 12 (18 %) studies found frequency to be the most effective method [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] . For graphical representations of risk, six (9 %) studies found bar charts to be the most effective communication method [105] [106] [107] [108] [109] [110] . Ten studies reported that qualitative descriptions of risk did not aid people's understanding of the information, and this method was one of the least successful communication tools [83, 85, 98, 100, [111] [112] [113] [114] [115] [116] .
Discussion
The use of risk attributes in DCEs is common. Evidence from the identified reviews suggests that researchers conducting DCEs with risk attributes are often using the appropriate basic risk information (e.g. absolute risks with denominators), and visual aids such as icon/dot arrays. However, there was little available evidence that indicated that there was a consistent approach to communicating/framing risk information based on evidence from the risk communication literature in DCEs, to the extent as in related fields such as CVM [3, 7] . However, this may, in part, be due to a lack of reporting of methods used to support risk presentation because of journal word count restrictions.
Although there was a variety of (occasionally conflicting) conclusions to the studies included in the rapid review, some substantive conclusions could be drawn. The rapid review of risk communication methods found evidence supporting more sophisticated methods of presenting risk information through the use of graphical or pictorial images, the use of icon arrays and risk ladders. The use of icon arrays in DCEs with risk attributes is increasing over time.
The implications of the findings are now discussed under the headings under which elements of the inclusion of risk within DCEs were characterised. Table 3 lists key recommendations relating to each section. Recommendations 3, 4 and 9 highlight areas for future research required before best practice can be defined; the remainder relate to the need for transparent reporting of study design and approaches to include risk.
Explanatory and Background Training Materials
Researchers designing DCEs need to ensure that respondents receive consistent, correctly communicated information which is then assumed to be used in making choices [117] . For respondents to make informed, reliable and incentive-compatible choices and trade-offs, particularly when trading off risk against non-risk attributes, they must be sufficiently interested to pay attention to details and understand the trade-offs presented [118, 119] . If risk is not effectively communicated to respondents, the result may be large variances around responses that preclude meaningful elicitation of preference information. The use of step-by-step descriptions or numerical data relating to risk may be useful as a training tool [4] ; however, there 8. There is a need for greater interdisciplinary collaboration with experts from other fields such as psychology when framing and describing attributes to benefit from their expertise 9. There is a need for empirical evidence to indicate whether good practice in presenting/communicating risk from the risk communication and CVM literatures should be adopted. There is a need for systematic testing that these methods of presenting risk information, which may change responses, improve the communication of risk 10. The method of presenting risk should be validated using tests such as internal magnitude tests, tests of sensitivity to probability, and responses to changes in risk [3, 7] 11. A consistent format, including a consistent denominator, should be used when communicating risks and benefits [4, 5] The study sample 12. Where possible, information on the respondents' knowledge of, and experiences with, the risk presented should be sought and included as potential determinants of preference heterogeneity in the analysis to aid interpretation of preferences Data collection 13. Online data collection, which allows more flexible methods of risk presentation to be incorporated and developed, such as visual, audio and other technological aids, should be considered
Inclusion of supplementary questions
14. Supplementary questions should be used to better understand respondent characteristics such as attitude to risk, numeracy, and risk literacy that can affect trading behaviour and preferences for risk:benefit trade-offs Analysis of choice data 15. Careful attention should be paid to the assumed functional form for the way that risk attributes enter into utility functions, and the design and analysis should be carefully planned to support the assumptions made 16 . Assumptions made about attitudes to risk and how risk has been interpreted should be tested formally at the analysis stage. It is important to consider whether there is evidence of preference heterogeneity, which may have been driven by attitudes to risk, numeracy and risk literacy DCE discrete choice experiment was little evidence that this technique has been used. The potential for utilising this kind of approach is increasing as online or computerised administration allows more flexible presentation of information. The evaluation of the quality of background or explanatory materials was restricted by the lack of availability of materials to readers of published DCEs, although encouragingly some recent studies published their entire surveys in online appendices [19] [20] [21] .
Choice Question Format
The decision to include 'opt-outs' or 'no choice' options should be based upon the research question [11] . Expensive, risky, new alternatives or technologies are often associated with high proportions of non-choice, either because respondents are waiting to see if better options arise or because they have decided that they have no interest now or ever [120] . Where status quo options are allowed, they should be defined or respondents asked expost how they defined and used status quo in the DCE, otherwise it is difficult to know or understand what the 'opt-out' or 'no choice' actually means. Opt-out options were used in approximately one-third of studies reviewed, and status quo opt-outs were defined, particularly in studies published in the final 2 years of the review.
Communication of Risk Attributes
Presentation
The communication of risks and probabilities and the distinction between risks is problematic [121] , more so when describing risks with low occurrence probabilities or small changes in risk, typical of healthcare interventions [3] . There was evidence of risks being presented with comparable numerators but varying denominators (denominator neglect), both within and between attributes, which may lead respondents to misinterpreting differences in magnitude between two levels or types of risk. Although there were no examples in the literature of ratio bias, it appears that the recommendations from the risk communication of using a consistent format, including a consistent denominator, for risks and benefits should be reiterated for researchers designing DCEs [4, 5] .
A number of studies chose to describe risks qualitatively as an uncertainty, circumventing the problems associated with quantitative presentation of risk, but this may provide a different impression of the changes in risk presented. Qualitative description of risk provides scope for greater flexibility of description but may lead to variability, imprecision and a lack of consistency in how the magnitude of risk is interpreted. The review of risk communication tools suggested this was one of the least effective methods of risk communication. Furthermore, there was inconsistency in the terminology used to describe risks of a similar magnitude when qualitative descriptions were used to support quantitative estimates, and a lack of transparency relating to the likely magnitude of risk when a purely qualitative approach to risk (or uncertainty) presentation was used.
In line with recommendations from the risk communication literature, the identified DCEs were increasing using visual aids (such as icon/dot arrays) to support information communication. It is not clear whether different supplementary aids produce unintended consequences (i.e. demand artefacts). For example, dramatic, emotional photographs may dominate other information in the DCE [119] , and the physical space required to incorporate photographs into attributes may draw the respondents' attention to that particular attribute.
Framing
One study investigated whether framing of risk as positive (e.g. a cancer detected) or negative (e.g. a cancer missed) found that positive framing can increase preferences for an attribute [45] , replicating prior findings outside DCEs [122, 123] . However, as with the use of visual aids, it is unclear whether changes in preferences reflect improvements in the communication of risk. An alternative approach to framing risk is to present both positive and negative outcomes in the form 'out of 100 operations on people like you, we expect 95 to be successful and 5 to be unsuccessful' to avoid framing bias [124, 125] ; no study reviewed reported utilising this approach. In addition, framing probabilities as relative or absolute risk reductions can affect respondent preferences and choices. Relative risk reductions may look larger than absolute risks, causing respondents to be more willing to choose treatments or avoid risks when information is presented using relative risks compared with absolute risks [4, 122, [126] [127] [128] . Reassuringly, risk information in DCEs was mainly described using absolute risk reductions, or both relative and absolute effects to give a complete picture of risk, the convention recommended by CONSORT [129] .
Contextual factors, such as the timeframe, can influence the credibility of choices and the degree to which respondents believe the risks apply to them [130] . The timeframe for risks presented were only specified by around a third of studies in this review, although it is possible it was outlined in background materials. Recommendations from the risk communication literature emphasise the importance of specifying and then repeatedly reinforcing the time interval to ensure valid risk communication [131] .
Testing the face and construct validity of results from DCEs is an important step in improving the communication of risk. DCE studies that checked the construct validity of risk preference results tended to be studies conducted in line with other recommendations of good practice from the risk communication and CVM literature, such as supplementing risk data with visual aids. The need for validation of and presentation of risk attributes suggests a role for greater interdisciplinary collaboration with experts from other fields such as psychology when framing and describing attributes. Tests of validity of risk preferences from DCEs associated with risk attributes, by comparing results with those expected on the basis of economic theory, is important for identifying the best ways to communicate risks to patients.
The Study Sample
Preferences from a range of study samples were included in the DCEs reviewed. It is important to distinguish ex-ante (prior to an event/anticipated) and ex-post (after the event/ experienced) preferences. Direct experience of a health condition may affect preferences, for example those who have not experienced a condition or event may over-estimate the dreadfulness of bad events (and underestimate the ability to adapt to changes in circumstances) [132] , and levels of WTP for a life saved for a curative intervention (ex-post) may exceed those for prevention (ex-ante) [133] . Furthermore, if respondents do not treat a risk as applicable to them, they may use prior beliefs, experiences and the information to subjectively interpret risk information presented [134] . Risks in healthcare often have low occurrence probabilities, which pose a considerable problem, and although healthcare professionals should be experienced and knowledgeable about these risks, they may struggle to use probabilities to judge the level of risk [125] . There are also unique challenges to presenting risk which reflect patient decision making compared with other settings, such as the role of physicians in shared decision making.
Early recommendations of good practice in the CVM literature suggest separating out estimates of WTP by knowledge, relevance and immediacy, and understanding and belief [119] . Whilst the risk communication literature recommends that risk communication strategies may need to be targeted for each setting or audience [4, 124] , Table 2 is indicative of a lack of variation in the way risk preferences are assessed in the DCE literature. Careful consideration of the context and consultation with methodologists from other disciplines may be beneficial when designing the optimal format for risk attributes.
Inclusion of Supplementary Questions
It would seem reasonable to understand the risk preferences of respondents when risk is included in a DCE. Current practice in DCEs seems to assume that respondents' risk attitudes are neutral, consistent with the cost-effectiveness analysis and decision analysis literature [135, 136] . Risk neutrality assumes people have linear monotonic utility functions in risk; however, it is possible that people may be risk averse or risk prone/seeking. Prospect theory predicts that people may be more risk averse when considering potential losses and risk prone/ seeking over gains [123] .
Individual determinants of risk preferences, such as risk attitude, numeracy and health literacy, and experience were almost entirely overlooked in either the design or reporting of the identified DCEs. Although risk attitude is known to affect preferences [137] , few studies reported attempting to assess respondent risk attitudes. However, there is little evidence that a respondent's attitude to one type of risk is consistent with their attitude toward bearing health risks, or between different kinds of health risks; for example, one study identified in this review showed that mortality risk tolerance varied across three kinds of mortality risks [138] . Most DCEs asked supplementary questions about respondent characteristics, but questions about knowledge of interventions, risk behaviours or numeracy were less common. The CVM literature recommends stratifying WTP analyses by respondent attitudes and ability and willingness to participate [119] .
Numeracy affects how people interpret and understand quantitative risk information [6] . None of the reviewed DCEs reported measuring respondent numeracy and risk literacy. Only one study explicitly discussed methods to detect and overcome problems with numeracy, looking for signs that respondents appeared/expressed confusion or gave 'haphazard, inconsistent answers', and reported strategies to overcome problems with numerical literacy [18] . Although numeracy levels are not reported to influence negative/positive risk framing effects [6] , step-by-step risk descriptions that include both positive and negative outcomes to reflect natural decisions and problem solving recommended to overcome framing effects [5] may also aid those with low numeracy [139] . Despite an apparent lack of focus on numerical literacy, the use of natural frequencies and icon arrays was prevalent and these formats are thought to aid low-numeracy groups [86, 124, 140 ].
Analysis of Choice Data
DCEs are based on Lancaster's economic theory of demand and random utility theory (RUT). Incorporating risk introduces another relevant theory, expected utility theory (EUT), concerning decision making under uncertainty. EUT views expected utility to equal the sum of the utilities of the various outcomes multiplied by the probability of each outcome occurring. RUT views the value a person places on a particular service or intervention as some function of the sum of its separate components or attributes, although RUT allows for incorporation of multiplicative effects through interactions and it is possible to test the assumptions of EUT. Thus, DCEs incorporating risk attributes require additional theoretical links, and DCE designs must support utility functions implied by the theoretical integration.
Most identified DCEs assumed that respondents evaluate risk linearly, incorporating risk attributes as simply as assumed for other attributes. If the indirect utility function is thought to be multiplicative in risk, this must be accounted for at both design and analysis stages; for example, using more general specifications that can capture functional forms for multiple risk attributes and/or implied interactions of these attributes. We found few DCEs that tried to do this (for example Johnson et al. [79, 138] and van Houtven et al. [79, 138] ). One implication of more flexible design strategies is the need to consider larger designs, such as full factorials. Main effects designs are small because they deliberately confound the two-way and higher-order interactions with the main effects. If multiplicative functional forms are introduced, designs that properly separate the main effects from the interactions are needed (making the design larger than a main effects design alone). More general and flexible design strategies are discussed elsewhere [9] .
We identified one DCE that reported that the weights respondents place on risks may not be linear but instead fluctuate with the range of probabilities [138] , a departure from the assumptions of EUT, and expectations of proportionality of WTP or MRS to the size of risk reduction, but consistent with prospect theory. This work used nonlinear weighting techniques to explore the impact of risk:benefit trade-offs under a non-EUT framework.
Limitations
The primary limitation of this review is that the methods underlying presentation, format and analysis of risk attributes can only be appraised to the extent that they are reported. Guidelines for authors of peer-reviewed articles restrict manuscript length and may preclude detailed description of the development of surveys, wording and formatting, and other details such as preparing respondents to evaluate risk attributes. It may be that many studies included in this review have performed more rigorous and thorough development of risk attributes than is reported in publications. However, this limitation motivates the need for better reporting of methods, use of (and maintenance of) online appendices if necessary, supporting risk attributes as a key recommendation. More detailed reporting of this process would benefit researchers designing future DCEs and allow the quality of the background and explanatory material to be subject to appraisal to the same extent as the statistical properties of the design and analysis. This recommendation draws strong parallels with recommendations for improved reporting of qualitative methods used in developing and refining attributes for a DCE, which also cites lack of reporting conventions as a barrier to rigorous conduct, limiting the ability of researchers to draw on others' experience, with the consequence of 're-invention' and suppression of debate, which could inspire methodological development [141] .
Conclusion
This study identified and reviewed a large body of literature that incorporated risk attributes in healthcare DCEs. There was some evidence that some examples of good practice in the presentation of risk, for example the use of absolute risks, and adoption of visual aids to support risk presentation were being adopted. However, little evidence was found that continuing methodological developments and recommendations from other fields about the need for effective risk communication were systematically being applied to DCEs. Specifically there was limited evidence found about use of training and background material to support risk communication and risk numeracy, and little consideration of the impact of information framing on preferences. Some evidence suggested that different formats were explored to try to help risk understanding and some examples where validity of risk communication was checked using tests of scope/scale and linearity. More generally, however, the reviewed DCE studies were not as methodologically thorough in risk presentation as the CVM field, where recommendations on minimal requirements for explaining risk in training materials, consideration of framing of risk in designs, and exploring scope/linearity in analyses exist. There seems a clear need for healthcare DCEs to adopt these recommendations. There also appears a real need for those conducting healthcare DCEs to engage with other disciplines to improve the design and presentation of risk attributes; there perhaps is not the amount of attention paid to the specific challenges in developing these attributes as needed. However, to define best practice there is also a need to move beyond statistical testing of the robustness of different methods of presentation towards testing the process of communicating risk in terms of whether people understand risks, which methods change the way in which people interpret risk information, and a framework for identifying which methods are best for the purpose of risk communication. This points to an urgent need for robust transdisciplinary methodological work supported by qualitative and quantitative analysis to inform the best way of presenting and analysing risk attributes in DCEs.
